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ABSTRACT: 

PURPOSE: To easily provide a surface light emitting type semiconductor 
laser incorporating a photodiode and having a superior reliability, a 
high yield and a superior characteristic. 

CONSTITUTION: In a semiconductor laser having a resonator perpendicular 
to a semiconductor substrate 102, a detecting section 121 having the same 
structure as a light emitting section 120 that the resonator constitutes 
is produced. A II-VI compound semiconductor epitaxial layer 109 is buried 
in between the light emitting section and the detecting section, and the 
light emitting section 120 and the detecting section 121 are isolated 
from each other by an isolation trench 122. Reflected light of an output 
laser beam is introduced into the detecting section 121 from an exposed 
part of the surface of the detecting section 121, whereby the intensity 
of a laser beam is detected. Thus, a surface light emitting semiconductor 
laser that incorporates a photodiode used as an APC circuit is 
constituted. 


PTO 98€854 

S.T.LC. Translations Branch 


(19)B*BSWr (J P) (12) & §§ <$ §f £ g (A) 


^§§¥5-299779 

(43)&BSB ?A 5 ^(1993)11^ 12 B 


(51)Inta* 
HOIS 3/18 
H 0 1 L 27/15 
31/10 


8934-4M 
" 8422-4M 


FI 


H0 1L 31/10 A 


(21) dJH#^ 

(22) tBHB 


?A4*CinZ)4J!SB 


(71) aillA 000002389 

*m«*f«Ei5»flt2TI 4» 1^ 

(72) «9J# S JSL6 

S»KWMSifc*ft3TB 3#5<J-fe-f a- 


(54) [£S3<*>£f*] i^^iz-if 


ajswra* 1 1 - v i fefc£atf3f«^e**w/wi 

(109) THittl*. ftje«(i20) t«ffiSU(121) C7)(3JJ- 
»Wi(122) T#«LTIIWf*. aWjU-***)HH 
3fc£l*ai3<121) <0^ili<o-Sj-»a}L^tw^*>4,tt 
ajS(121)rtS5fc»Af &Jli:fc:J:0. U— F)fc53iS£ 
ttillL. APC0BfflcO7=r W-fsT-KtrwUsi 


100 



1 

x. 

h?4 tf— FI3B±. I I-VIRft^fSlffctt^ 

[ffr£JS3 ] 15127 * F:M *- Hoaffi<0-SS{=«tt 
£JB)£U SD^ffl£i*^*£IfoM-i::k£fca 
k"f lfttfIW»I2IBW)BWeH J l ! »*W- 
if. 

[0001] 
[0002] 

cvmfrU—f (1UT. rjg^iiigiHcU-f j tig 
■T) t LT(i> Witf. 355 0®lGfflttJI¥£?«ill* 
4W*aHP«* SR35H»p. 90 9 2 9a-ZG- 
7 (1989^9 32 7 BSfcff) CGB^$ii£t><0#$3Ifeii 

[00 0 3] frfriBBBeWfcU-- 
JffcpSA 1 GaAsJf*>J:tf nUA 1 GaAslW 
^Sp-n«^JBT-flUSUTV>4. Ciili. P fGaA 
s vSttSW*KOSI*tcl5a*«ieii^)5r Rfi±-f &K*>X' 

[00 04] l/C. *BJt5raAli. frtfih®#> 

&*JH£-JB<0I I -V I 

SSSLTV^ (»fiFF2-2 4 20 00^) . *>*>*iB 
k SOT'+^lgaKiC^^^i £ t . RS# 

[0005] ztrmn&mm'—rit* 01 ik^l 

^J:5t:. 9ft. (402) nI>GaAsg«C (403)n£ 
GaAsA-/7riB- <404>#»fi£jttS£JBRS 5-. 
(405)nSA U.(Gao.sAs?77 FH» (406)pS 
GaAsiSttflT (407)pSA 1 0.4 Gao.e As 75 >y 
VJStiXV (40S) |.3!A lo. iGag.9As3>-^^ FJf 

(w)pSa io.4Gao.6A 


e 

(2) *68 1 P5-299779 

2 

s?9<rl<JI£JHf (408) pSA lo.iGa«. 9 As3^ 
F*£R^oa*fcBLTSHt=x.y- 7 ^U 
ZKOmVmWimt <409)ZnSo.o6Se 
o.»4*»£LT8tt&*. L**afc. (408)pSA1 
0. 1 G ao. 9 A s 3 7 hm(0±m<0. R8&J: 0 1 * 
*/h*v^«t: <411)SWtt£*IS57-£3l«U ft 
aC (410)p£*-5-y7«ff. (MDnfi*- 
k OttAZtiX^h. 

[0006] 

10 [iH&wBfct j d t+h?*m whffi&etmtoi' 

>V7-ztyYu-fV (JffFAPCfcBf. ) EJRSrlMi 
-*-*£k*«SiU>. fi!3lW>;frS;Tli. ^frl'-** 
*r -r r k 7 * f 94 *- f s-?rr & f- -y rim* 

oTfeO. £<02otf)f"yT£ l-^t-yT'-S/iCSSS 
* F^4 *- FTIWB UTAPC OKSrfllffi UTV vfc. 

[ooo7] ws&t^m&is—fii. m 1 1 fcjpt*c 

— f^JttltLT, l^-^Sk-rSP— f3ttLTffi 

m&m+izbtfx'£%\\ fto-c. 

— rcii. w— ff-/rtiis'it:iarrs7*hr'r^ 

-ft. u— faj»3t^-S5SrEoajL-caj^«-«ia5U 

[0008] L*»L^**fe, **B^#o«ft4CJ:iUf. 
30 4. 

[0009] f 2.^*^ 

•yrt3tl:i-^ffl7 * bV4 *-FS:«ll£f i^»f* 

SBS3XF*«tfflnrri. 

[0010] ©ffiSBte^ftl"— f f-y rt 7 * b^-f 
^- sr-Ff-yrtM^fciBBL-C. lSR^SrfllflWifc 

tf>. 13R^^S<-r*¥* { T-^ : i'0. ifc. BifBK* 
40 #*W-lfO»aT*>SB*^2iX7cE5i|* f5 II8kv^ 
^*H5i«. 7 <• F Y4 *- F Sr»ltCl3S LiltWf^ ^ 

[0 01 1] i&m±Z<r)&itcmk*Wfcth\><r> 

x\ ^<oawkr&k^6<±. 8513!^^^^. ®a 
»tois--f(?mmt : fttcb*ci>K aj7j#5:i*aj-fi.«iia 

[0012] 

lauffisriw^-ri^^s] *m\<vm*i— * 

50 J±. ^{*S«fc:*S^lSn(=it2raS9tr4«t-5tcSI$ 


(3) 


3 

ma? *hrj 
ass *we7 * ^ *- KorafciHBarc^fc^ 

[0 0 1 3 J lffi*K^ft||0«H. AW9iE7^ 

^I^ B,4< M - VI »«*w»te^ io 

100 1 5] 

! 7 f ^ ^ *~ ^E^Sffi LTcm*t>7 20 
(00 1 6 J ^^h^^-Kii^KrHJtj.^ 

[00 1 7J S«T*ftBOfflB*7* h^^-Ht 
<J» I I -V Iftt^iftc^^^^ 

®» ( - ™lttt U: " 

J> 1*&W£S:fo±.ZlthZb1fiT'$h 
(0019} 

rl?ilZLl^ 1,01 ** ma >* 1 ««W 

[0O21 J«T..«|| W t <M , 4 i |SW)5U-ir(10 ^ 


1*BW5-2 99779 

4 

0)*)|»**j J:tfReigfcon T% §32 ( a ) - ( f ) 

I0022j0)4r. (102)n£GaAsSttLtfc 
(l<B)nSGaAs/^7r«JB«L, $^ ng 

7nI;L Gao:,As * i:nSAlj - ,Ga9 ' As ^ 

*9858 7 0 n rotfiSOitfctf 1 9 8%&Lke>&Hm 

T*.«HT, (105)n£AI,.,Ga*..As?5 v K 
* (106)pf»GaAs«ttl. (107)pfiAl,4G* 
^" 4 A?J 1,H ^ ll08,pSAI «-'GaMAs 

««W*700rtUj«Eatl50Torrfc 
U I I IttRSfc LTIiTMGa ( MJX***y* 

tLTttH, Set. P£K-^ tLT , 1DEZn 

(ii2) s i o, mzmi. Btmj ^t- 

******* (KIT. r R i-BEIfej fcBf) fc± 
t*ffiSJ*8LT. (107)pHAI,.,Ga # .,A»^9T 

i*«sa*Mr. i7f^^ (H2 (b) ) . - 

s TorrtU WiiL9St4 00Vb??>. ZZ 
T (107) pMA luGauAs;77 K*<0&«p4 

r0024WWc 4 ^ (107>pSAl..,Ga...A 

Al^ MB-EJ6«±MOCVDtt*irfcJto,- (109)Z 

nS,., s Sec. 94 «$-a i «i A ^ $ ^ (02 

(c) ) . 

■ T [0 " 5,wc - n»8Jo.-«Htt U »» 

(108 > :I ^^H)i^iBfc:4^7'O (llDSiO, 

/« -s i »t^iR S CT . t-Ai»t:jt 

J:0^/h$u|B«S-«LTJZ0*4 (02 (d) ) 
wO»C**Mt§ 7-0. «6 7 0 n mTORwi 
94%T*S. 

(00 2 6 J ®? (120)«3K»i (121)«{f{a$. 

»m*& iwtimmtB&rhztMz. w (m)u 

^H^^CIT. RIBEi&MMT (107) pS 
A 1 4 G ao. 6 A s ? y y K/B<0Jt«pa T'X ?+y?* 
tr*l (02 (e) ) . 


[00 27] xmtztsni mum 

(Z (102) nlA ! o.iGao.9As2£fflf;:.(101)n£* 

-$-/?*tt£3&#*s (02 (f > ) . f ur;«a 

100 28] JJLh<OISfc:J:0. 01 (cijjLfcJ: 

[ 0 0 2 9 J S3 <i. *HJfiW^S»*¥«*^— V $■ 

<120)fc3fcg8*»4>ai8tS*l£ (123)U— fjfctf)-£li. 
(124)^7XTRItSfl (121)«ai»tc3»A?fl4. 
[ 0 0 3 0 ] 04 tl. *Slft«<OffilBKiJs«*W-if<0 

Til. 1 mWOB*. fcajg«;:S*lS18ffi*»i4 0 

[0031] (£JSW2 ) 0 5 li*!69!<om2 <05«SW 

iztmi^mtou-y (2ooxofBts?at^i*ajgj<oBrffi 

SrScf *m0T'* "3 . ttz. 06 < a ) ~ ( f ) »i£fj 
^JSfllKfclti^SlfcU— f (200)KjSXS5r^Bfa5- 
0T*>S. 

[0032] *JUM*>¥«*U-~ If (200)11. fcjfcg? 
A^«aiS?tt> (2Q8)pffiA 1 i.iGaj.sAsa^; 
hMfrt, (205) nSA lo.«Gao.sAs?7-/ K00>- 

[ 0 0 3 3 ] iilT. *IUSW^fll«fcJ:lfRJtIS{co 
v>T. 06 (a ) - ( f ) £U:a<oT!jl<!Ji-*-S. 

[00 34]©*-f. (202) nSG a As£«U:{;:, 
(203)nSGaAsM'^ 7T SS-^L. n£ 
A lAsftnlA U. iGao.sAsJBA^SrOifcitS 
7 0 n mft&cOftKttl, 9 8%tJLhORit*^^K>3 0 
^T<0 (204)^?55StS^/B)Sc7-5:m-ri.. ttVt 


<4) «SM l 5-299779 

6 

T. (205)nfiAlo.«Gao.«As??«/K*. (206) 
pgGaAsiSttJB. (207)pSAlo.«Gao.sAs? 
7?KJI, (208)pSA Ij.iGao.sAsa^^hJi 
£\ MOCVDafCxe*#W/Wfc&$-£* 
(06 (a) ) . COfc*. *3S»WTil. ttfifflK* 
700X:i:L. «*Ea£l5 0TorrfcU III 
ftSCflfc LTI1TMG a (hV*+A'#V*>J>) HiX/ 

tmai (hy-x^T^s-^A)o^ra^aj-. v 

ftSCRt LTIlAsHs «\ nfiK-/t>h fc LTI1H 
10 i Set, pSFwCVFfcl/niDEZn (s^X*^ 

[003 5] «CVDftJ=J:r>T. SEffifc 

(212) S i Ot R I BEmiZX 

0. (2B)l^yxhT«irflfetttt<7)J6^aVttaiS 
£SLT\ (205)nSA I o.iGaj.sAs??-? YMff) 

a+a-c, x<r+>?zffo (06 (b) ) . zcom. 
m&#xim\.\i>zbtL. x i o-»to 

rrtU ?ia5L«E«-4 0 0Vi:-ri. 
20 [0036] O&fc. w<OX vf-y^fgjjfttfc:, if*>& 

"(213)Vi/*h£B»?|ifc&. »(C, s MBE^«llMOC 
VD£*fCJ:9. (209)ZnSo.<>6Seo.94JB$-JI*> 
a*J&H3-££ (06 (c) ) . 
[0037] ©S^fc. (212)S iOi JI$-|fc£U ft 
tvC. (208)3>^^hfl|<O^BB{C4^ro (2ll)Si 
O: /o - S i f3«*£JB18$ ^-i-TE^f-ASMfC 
iOMU RI EffiSrfflv^K5'fx-/f->rT\ « 

30 Igft^BK * 7 0 n mt'<ORIt*ll. 9 

4%T*>i. ?f>ic, (221)«ias8SOIliiiw-9fc: (21 
5)SiO« »««:«$-1STf-^3g*r^«L. «aj3 
affi<0RW*8r»^8 7 0 n mT 1 0%^TC^i J: 3 

(06 (d) ) . 
[00 38]©?^, (220)«3tgJt (221)«{iiS$- 
ftm?* (222)#«j«t»j£-r4^fc:, Hi/ (213)U 

xXf-£v*7»c:LT\ RIBE&$:ffl^T (207) P S 

A I o. 4 G ao. t A s 9 9 v K*<0&«p*TX -yf-y^ 
.- fir'ird (06 (e ) ) . 
40 [00 39] ®U>»&&£. (211)»«*^)BJ8I$7- 
(215) S i O: »«<^«^oajfi(C (210) pI* 

t «aiS{c«T«,isffi{iftfetcas$-«^T'a' h *. ?iz 

imiTti<. 2t>lZ (202)nffiGaAs««ffl!lC (20 
DnS*-S-/^tgffi?:3R«-ri (06 <f )). *U 
"C. fifAC. Ni WWftl.'PX-. 4 0Q-C<r)Tn4y?Z 

[0 04 0]ia_h^IStJ:r)- 05{CinLn:«t 

50 o^: (221)^iUSS5rW^-i (200)ffi5feti|i3|«tU— f $• 


roo4i] zoj:otzLxms.it:*mm <ax» 

*. L^fim«*tlmAfcff«>Tffi<, 

r o o 4 2 j ftaamrcftat 
i°04 3imni.mn2kt,m*>z»mtzi i 

-V I Hfc£fc**«rCA* 2 n So. osSe,. 
v^Ct(=«tO. 4Uir$&)feSta 

S7jrt8«0T'*> 9. 08 ( a ) ( f ) 

10 04 5] ^^^^--^ (3<X>m. (307) 
PSA lo.5Gao. 5 As^7-/KJg$-. SVXct^JBai 

1 0 0 4 6 ] fitT. *^&*tofi|jSfc itXSDSlgto 
"T08 ( a) - ( f ) aV09 ( a , CL ^ oTR 

[004 7J Otr. (302)nSGaAs«fi± {: 
(303)n£GaAsA-y7r/B$-^JSL. n£ 
Alo.sGaa.iAsJltnSAlo.iGao.sAsJB*^ 
SrOfti^ 8 0 nmj«.c± 3 0 n mOttfctf LT 9 
8%J.2U:?>£#sfs£fto2 5^T<0 (304)¥3«*£J§H 
5 »vc. (305)nSAlo. 5 Ga, , 
A"9vW. O06)paAl,.„Ga,.,7Asatt 
(307)pSAlo.5Gao.5As^7-/KJf. (308) 
P JA lo. 16 G ao. as A s 3 >f<; YmtW&MO C V 

Pfl 1 ^* 5 '^**** <B8 (a) ) . ** 

wren, cot «aftft***. B^aa* 720 

*C. fi^ffi^Jl 5 OTorr ff it fc fct I I i£ 
WSfcttTMGa (N'JWJ^J^TMA 

UiAsHs . niF-^M; HjSe P HK-/t 
>KTDEZn <S>X*/l^?) j.. 

[0048] ©fc(^ aBcjRfflRcv D£tc j: n (31 


(5) 


8 


*$HJ J P5-299779 

CF, *rx*Xv+*r#xtzit:Rm4*yxv+ 
y? (R I E) ZffU (312) S i O, * 

rara^&t^tsft^^^-^j (312)s 
mmxssnisff) 012) s i 01 ito, 

*>^*fr*3. SUM^zlx, ^/^-^ 

10 f&frc&s (H8 (b) ). 

roosoJSWHT. £«WKrW*»ofc 013) 

ei2) s i o: j&tssjWf * 

*»*>ttttS&0|Sltt (307)pSA!.. 5 Ga,.5As^7 
» W8M*T. *n:IBK»tttaji5W)iatt (305) n 
SA lp.6Gae.5As ^7-7 M<?>-&tT'X.v1-y?' 

«»3 (He (o ) . onmrti. x „ 

20 E*5X1 O-Torr, 77Xv3iaiL«ff4 00 

10051) ZZT. Xmt <307)p£AI..»Ga 
0. 5 A s ? 5 * KJofc** TL*»x „ f-yr U«f vv?) 

JStti^v^isjoaAdf-^urtjtomtji* 

Tf>&. 

T^fv^tcw LTMfc-f *y i f-A«fcja 
»LTX^f-^j.^^ R j BEfijcJ-fflV^^ttCj: 
0. fflgL* (320)l63feSS-. aiRtcSiKr (314)#)i 

©cWTTTCO (307)pSA lo.6Gao. S As;?7-rHJi 

40 **V«MOCVDJ6»4rfcj;9. (309)ZnSo.«S 
eo.94«$-«y>a^^ $1f . s (08 (d) ) 
1 0 0 5 3 ] ©3 (312) S i O, *t -f-0±tCT 

^TO Gil) S i O: / a - S i l*«*£j|RK«a* 
U^-h-A^Sfcj: O^L. R I ESS-fflv^h'7-f 
x-/-?-^t*. «3KS!OgJ:0^»4N$v^«5-»Lr 
iWStt£*KS7-^«578 0nmTOR 
»*U9 5XOJ:T*4. CCT. ^liftWo (300)^ 
« f*|"7' !fT ' ,4Zf >S».,6Seo. S it1Ittii^ > : (3M) 

50 (mmntozm s 5-sr^«rs ct 


(6) 


»B 3 P5-299779 


1 0 


m&ZP~ Ltzi^X. (314)#«i*fc:t,*lfc3fc(,:fr 
1 0 0 5 4 ] *fc . (3a)«aSS*>faS<D-SC (315) 

s i o 2 tmmtz^t-AM vmt. «ubs» 

iBtf>Rlf 8 7 0 n mT 1 0 %$lTlZtcl XolZ 

mztmti (as (e) > 
2)#mmzm&riK*>£.* mv <3i3)i^*h*vx 

7Cl/t. RIBESSrJflWC (307)p£A 1 o.sGa 
o.sAs^^-yHJl^+iTX-yf-y^lrff^o (0 
8(f)). 

[0055] © L*»*ttC. (311)!*«*£«B 5 7- 

m (3i5)sio 2 mwrnimtrmmiz (3io) P s* 
- a -/ ?%&zm%+& . -eoie, wtsuzmti>w& 

tt*LTfc<. G02)n2GaAs«SIBtC (30 

DnS*-5-y^«a*IS«r5 (09 (a) ) . -fL 
T. fttttc. Ni #8tm4>T. 4 0 0-C<?>Tv4 >7£ 

(00 5 6] V±<T)XotZ. ®HZ5nLtziL0t£ (320) 
IBfcSi: (321)fciiSg&£fc-?*: (300)Bfcjfc¥#fcl'- 
if£f§*.ri:#TS*. 

[00 5 7] ^WJ:otcUT^jacLt*HitWcO (300) 
W$~lt ! m#i'—flzti^Ti>. ±£Lfc0CII0ll fc«t 

&m&ZPLtt b Z b WT$ fc. 
[00 583 frfc. ±j*0*IOtWTi±. G a A 1 As 

1 1 1 - v&knwftxm^mm'—nz t ffia^affl 

[ 0 0 5 9 ] *&»JiV>Efc3e£¥3W*U-- f OK 
f.7T xr n . ilft«»trc i£< 

mmztoXiHt i z t am ? tri>&\ 

[0060] *Htt^B5ft3tS^«sU— f WC 
f^S?L^^-hA'7-3^ha-;U (APC) 0B£O« 
"S0£01O£jjrf. ;; 

[006 1] 

ittf. ffi^3t^«cl— if£fl«c-f£¥3«*S«i:|3|- 

is— h s-isa-r * c t ict 

I 0 0 6 2 ] 7 * -f F?>fl!&$:iifc#¥ 


*<TfcftV*>"C, ®HfeW8J<. »!*S4 9*. BBS 

[ 0 0 6 3 ] fttt^SWM^fflffl^ * * 
- H tOGteWSiiC* I I -V I «fc£*iWH*x£* 

is—rb 7 «• mm *- vnvtsi.tM&Himmnb * 

[0064] 7<-h^*-H*Bi<0«aJL3t 

io miz&&t*£tiiTZ-itiifi9.*mt:m&tzzbtzt 

0. &im&£fr±2lthZttfT'$rz. 

[0065] »fc^ftU-ir£Z83W£S««£* 

[0B<Of9#*R«il] 

[0 1 1 XfttU 1 {c»fo4iBI63K*3»*W-if<OiriB 
Srijrff*80T&*. 

[02] (a) - (f) fcttc. sasm crapses 

20 «*#«ftl--if<7)»ltISi-w-*«nB0-C*>4. 
[03 J mm 1 tWfcSiSlbC^*!^— f s-^-y 
^r-vtcH5IL3tlB<O-W^L^}S«0r*>i. 

[04 1 mm i tcBWJiiiwifi***^— f <wm 
[05] msw 2izmhi fcs&tzmfris—fomm 

[06] (a) ~ ( f ) bi>tz. H»W2trWi5iffi 
^3tiNI«cl— if <OSitlS?r^'tBfffi0T'*l> . 
30 [07] ISftH3(cl^*iE?Bfc^*l'-if£ir^ 
^«0Ti>i. 

[08] (a)-(f ) ktC. 3lttW3t:rai>4ai 
U-if <ORitXS5:^-«S®0TJ) i . 

[09] (a) Ji. 5eifeW3{cnabiiHlfe*^»*W 
-if<O»itISS:5rtllrE0T*)O. 08 ( f ) 
«i<0Ti>4. 

[010] gytgjQ 35%3feg^K»W-if8rffl» »T 
fmitz*-h'V7-3ybB-tHAPC) 0»<O« 
W0TJ>i. 

4o-~ [0ii] m^m&is-v<n--M*:7fi-tmimx' 
hi. 

10 1. 201. 301. 401 nS*-s7;t 

102. 202. 302. 402 nSGaAsSIR 
103.203.303.403 nSGaAsA, 

7tI 

104. 204. 304. 404 fl-ffiRttS^HIB 
S7 — 

50 1 05.205.405 ngA 1 o. 4 Gao.s A s ? 


i 


106. 206. 

107. 207, 

108. 208. 

109. 209. 

0.94 

110. 210. 

s 

111. 211. 

112. 212. 


1 1 


- (7) 


4 06 pSGaAsgftJf 

407 PSAlo.4Gao.sAs? 

408 pSAlo.iGao.oAs 
309.409 ZnS,., s Se 
310. 410 -/^^ 
3U.411 

3 12 S i Oj V 
[BU 
100 


10 


113 
215 
314 
305 
306 
307 

308 

120. 

121. 

122. 

123 

124 


«WF5-299779 
1 2 

213. 3 1 3 VVXh 

315 s i ot mm 
mm 

nSA Jo.sGao.tAs??? HJI 
pfiA Io.i3Gao.o?AsgttJf 

PSA Io.sGao.sAs?7yKi| 
pS!A 1 o. ioGao.ooAs3>?? Mf 

220. 320 

221. 321 
222. 322 


[02] 



+•902 


Is-VWVm (roA) 


(8) 


8SBV5-2 9977 


123 


120 


209 



l®6) 


<a) 


-208 


4^ 207 


-206 
05 


^^203 
^202 


(d) 9 


15 
2-208 
00 


(b) 


213 
-212 


==^-208 


3T^eo7 


220, ^2j^21 

hSKo? 

7ZZZZZZZZZ 


(c) 


12 

-= -208 

-200 


2H 



[07] 
300 



[SI 0] 




■- (y e 

Japanese Kokai Patent Application No. Hei 5 [ 1993] -299779 


SURSURFACE LIGHT-EMITTING SEMICONDUCTOR LASER 

Katsuki Mori 


UNITED STATES PATENT AND TRADEMARK OFFICE 
WASHINGTON, D.C. DECEMBER 1997 

TRANSLATED BY THE RALPH MCELROY TRANSLATION COMPANY 


■■pr 


Code: PTO 98-0854 


JAPANESE PATENT OFFICE 
PATENT JOURNAL 
KOKAI PATENT APPLICATION NO. HE I 5 [1993] -299779 


Technical Disclosure Section 


Int. CI. 


Sequence Nos. for Office Use: 

Application No. : 
Application 'Date: 
Publication Date: 
No. of Claims: 
Examination Request: 


H 01 S 3/18 
H 01 L 27/15 
31/10 
H 01 L 31/10 

8934-4M 
8422-4M 

Hei 4 [1992] -103065 
April 22, 1992 
November 12, 1993 
3 (Total of 9 pages) 
Not requested 


SURSURFACE LIGHT-EMITTING SEMICONDUCTOR LASER 
[MEN HAKKOKEI HANDOTAI REJ5A] 


Katsuki Mori 


Inventor: 

Applicant: _ „ ., 

Epson-Seiko Co., Ltd. 

[There are no amendments to this parent.] 



2 

Claims /2* 

1. A surface light-emitting semiconductor laser 
characterized by the fact that in a surface light-emitting 
semiconductor laser which has a resonator formed in the direction 
perpendicular to a semiconductor substrate so that a light is 
emitted in the direction perpendicular to said semiconductor 
substrate and in which at. least one layer of the semiconductor 
layers that form said resonator is formed in a columnar shape, a 
photodiode with the same structure as that of the above-mentioned 
resonator is formed on the same substrate of the above-mentioned 
semiconductor substrate; that an electrode is formed on part of 
the surface of the above-mentioned photodiode; that the rest of 
the surface is exposed; that the above-mentioned resonator and 
the above-mentioned photodiode are separated by a separating 
groove. 

2. The surface light-emitting semiconductor laser of Claim 1 
characterized by the fact that an epitaxial layer of a group II- 
VI compound semiconductor is embedded between the circumference 
of the above-mentioned columnar semiconductor layer and the 
above-mentioned photodiode. 

3. The surface light-emitting semiconductor laser of Claims 
1 and 2 characterized by the fact that an electrode is formed on 

part of the surface of the above-mentioned photodiode and that a 

j 

dielectric layer is formed on the rest of the surface. 


'Numbers in the right margin indicate pagination in the foreign 
text. 


Detailed explanation of the invention 
[0001] 


Industrial application field 

The present invention pertains to a surface light-emitting 
type semiconductor laser which oscillates a laser beam in the 
vertical direction of a substrate. 


[0002] 


Prior art 

As a surface light-emitting type semiconductor laser having 
a resonator in the vertical direction of a substrate 
(hereinafter, described as a surface light-emitting semiconductor 
laser), for example, a semiconductor laser presented in the 
lecture preprints of the 50th Scientific Lecture Meeting of the 
Society of Applied Physics, No. 3, p. 909, 29a-2G-7 (issued on 
September 27, 1989) is known. 


[0003] 


In such a surface light-emitting type semiconductor laser, 
an embedding layer is constituted by a p-n junction layer 
composed of a P -ty P e AlGaAs layer and a n-type AlGaAs layer. The 
reason for this is that a current is prevented from flowing to 
the parts other than the p-type GaAs active layer. 


[0004] 


On the contrary, this 'applicant has already proposed a 
surface light-emitting semiconductor laser in which such an 
embedding layer is formed only by an epitaxial layer of a group 
II-VI compound semiconductor of one layer (Japanese Patent 
Application No. Hei 2 [1990] -242000) . In such a surface light- 
emitting semiconductor laser , since the resistance of the 
embedding layer can be increased, a sufficient current can be 
strangulated, and matching of the interfacial position with a 
columnar area is not required. 

[0005] 

In the surface light-emitting semiconductor laser, as shown 
in Figure 11, first," on a n-type GaAs substrate (402), n-type 
GaAs buffer layer (403), distributed reflection-type multilayer 
film mirror (404), n-type Al0.4Ga0.eAs clad layer (405), p-type 
GaAs active layer (406), p-type Al 0 .<Ga 0 .6As clad layer (407), and 
p-type Alo.1Gao.9As contact layer are sequentially deposited, and 
the p-type Alo.<Ga 0 .6As clad layer (407) and the p-type Alo.1Gao.9As 
contact layer (408) are vertically etched while leaving a 
columnar area. Furthermore, a ZnS 0 . 0 6Se 0 .94 is formed and embedded 
around the columnar area, and a dielectric multilayer film nvirror 
(411) is vapor-deposited on the area, which is slightly smaller 
than the columnar diameter, on the upper surface of the p-type 
Alo.1Gao.9As contact layer (408). Finally, a p-type ohmic electrode 
(410) and a n-type - ohmic electrode (401) are formed. " — ~ 


[0006) 


Problems to be solved bv t . . 
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[0007] 
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' and dete =ts the output ex tracts p art > 0 f 


[0008] 


However, according to the review of the inventor, if the 
above-mentioned method is used, the following problems are 
caused. 


(1) The semiconductor chip constituting the surface light- 
emitting semiconductor laser and the semiconductor chip 
constituting the photodiode for monitoring the quantity of light 
must be separately mounted on one package. Therefore, the yield 
of the mounting process, individual precision adjustment, 
characteristic check, etc., deteriorate the total yield or the 
characteristics, so that the manufacturing cost is raised. 


chip and the photodiode chip are separately mounted and 
constitute one element, the element cannot be made small. Also, 
the enabling of a free two-dimensional array that is a 
characteristic feature of the surface light-erhitting 


[0009] 


[0010] 


(2) Since the surface light-emitting semiconductor laser 


semiconductor laser is largely restricted, 
must be separately mounted. 



[0011] 


The present invention solves such problems, and its purpose 
is to provide a semiconductor lasef^with a structure which has 
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[0014] 
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I0015J 
function 
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[0016] 
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Application examples 


nHHuudLion examples 

Next, the application examples of the present invention * 
explained using the figures. Present invention are 


[0020] 


Applicati on Examp le 1 

lirtJZ.ll 1 15 " ° bliqUe Sh °" in9 3 -«io„ of a 

light-emitting part and a detectino oarh of 

U00, in a flr « appUc.Uon exa^e I the ' 

Figures are cross : ecti ° o f n r: h - = - 
:::; f ;: turin9 the — — * 4^:::r £or 

[0021] 

Next, the constitution and the manufacturing process of the 
semiconductor laser (100) B f thi. , • Process of the 

exolainoH application example are 

explained according to Figures 2 (a) -(f). 

[0022] 

/ 

(1) .First, a n-type GaAs buffer layer fl03i , « * 

^ZIZ^T'T ,102, ' and 30 paiL - on a 


• layer and a n-type Al 0 .iGa 0 .9As layer, are formed. Then, n-type 
Al0.4Ga0.eAs clad layer (105), p-type GaAs active layer (106), 
p-type Alo.4Gao.6As clad layer (107), and p-type Alo.1Gao.9As contact 
layer (108) are sequentially epitaxially deposited by a MOCVD 
method (Figure 2(a)). At that time, in this application example, 
the deposition temperature is 700°C and the deposition pressure 
is 150 torr. As a group III raw material, an organic metal of 
TMGa (trimethyl gallium) and TMA1 (trimethyl aluminum) is used, 
and as a V group raw material, ASH3 is used. As a n-type dopant, 
H 2 Se is used, and a p-type dopant, DEZn (diethyl zinc) is used. 

[0023] 

(2) Next, a Si0 2 layer (112) is formed on the surface by a 
thermal CVD method. Furthermore, the p-type Al0.4Ga0.eAs clad layer 
(107) is etched up to its halfway by a reaction ion-beam etching 
method (hereinafter, described as "a RIBE method") while leaving 
the columnar light-emitting part and the columnar detecting part 
covered with a resist (113) (Figure 2(b)). At that time, in this 
application example, as an etching gas, a mixed gas of chlorine 
and argon is used. The gas pressure is 

1 x 10" 3 torr, and the leading voltage is 400 V. Here, the reason 
why the p-type Al0.4Ga0.eAs clad layer (107) is etched up 
to its halfway is that the structure for confining an injecting 
carrier and a light in the horizontal direction of the Active 
layer is a rib waveguide type refractive index waveguide 
structure . 


0024] 


(3) Next, an embedding layer is formed on the p-type 
Alo.4Gao.6As clad layer (107). For this reason, in this application 
example, first, the resist (113) is removed, and a ZnS 0 .o6Se 0 .94 
layer (109) is embedded and deposited by a MBE method or MOCVD 
method (Figure 2(c)). 

[0025] 

(4) Next, the Si0 2 layer (112) is removed, and four pairs of 
Si0 2 /a-Si dielectric multilayer film mirrors (111) are formed on 
the surface of the contact layer (108) by an electron-beam vapor 
deposition and removed by a dry etching using a reactive ion 
etching method (hereinafter, described as "a RIE method") while 
leaving the area slightly smaller than the diameter of the light- 
emitting part (Figure 2(d)). The reflectivity of the dielectric 
multilayer film mirror at a wavelength of 870 nm is 94%. 

[0026] 

(5) Furthermore, in order to form a separating groove (122) 
for separating a light-emitting part (120) and a detecting part 
(121), the p-type Al0.4Ga0.eAs clad layer (107) is re-etched up) to 
its halfway by the RIBE method using the resist (113) as a mask 
(Figure 2 (e) ) . 


[0027] 13 

(6) Next, on the surface ot-K- l 
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(0026) 

«ith the above process, the s „,», , . 
semiconductor User U00) ^ * Z^'^ 1 " 1 ^ 
"ith a rib wave g uide structure and 'k ^"'" 9 Pa " <"°> 
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) with 
in 


f0029] 

"e surrac" U^"^^ 3 **. « in case 

~ e^ie is ^77^^ ^ . _ 


beam (123) emitted from the light-emitting part (120) is 
reflected by a glass (124) and introduced into the det cting part 
(121). 

[0030] 

Figure 4 shows a relationship between the driving current 
and the oscillating light output for the light-emitting part of 
the surface light-emitting semiconductor laser of this 
application example and a relationship of the current flowing to 
the detecting part at that time. A continuous oscillation was 
achieved at room temperature, and the threshold current was as 
low as 1 mA. Also, the current flowing to the detecting part is 
seldom measured at less than the threshold current, and there is 
no influence of leaking light in the horizontal direction from 
the light-emitting part. Since -the< laser oscillation is started 
at more than the threshold current, the laser beam being 
reflected at the inside of the glass of the outgoing window of 
the package enters the detecting part, and the current flowing to 
the detecting part is also increased. In this application 
example, at a light output of 1 mW, the amount of current flowing 
to the detecting part was 40 pA, which could be detected, however 
the detection sensitivity could be improved by applying a 
backward bias to the pn junction constituting the detecting part. 

[0031] 

Application Example .2 — _ 

Figure 5 is an oblique view showing a cross section of the 

light-emitting part and the detecftlng part of a semiconductor 


laser (200) in a second application example of the present 
invention. Also, Figures 6 (a) -(f) are cross sections showing a 
process for manufacturing the semiconductor laser (200) in said 
application example. 


[0032] 


The semiconductor, laser (200) of this application example is 
different from that of the above-mentioned Application Example 2 
in that both the light-emitting part and the detecting part are 
formed in a columnar shape from a p-type Alo.aGa^As contact layer 
(208) to part of a n-type Alo.4Gao.6As clad layer (205). 

[0033] 

Next, the constitution and *the manufacturing process of this 
application example are explained according to Figures 6 (a) -(f) 
[0034] 


(1) First, a n-type GaAs buffer layer (203) is formed on a 
n-type GaAs substrate (202), and 30 pairs of distributed 
reflection-type multilayer film mirrors (204), which have a 
reflectivity of 98% or more to a light in the vicinity of a 
wavelength of 870 nm and are composed of a n-type AlAs layer and 
a n-type Al 0 . a Ga 0 . 9 As layer, are formed. Then, n-type Al. '«Ga. *s 
clad layer (205) , p-type GaAs active layer (206), p-type 
Al 0 .,Ga 0 . 6 As clad layer (207), and P - t ype Alo. lG a 0 . 9 As contact layer 
W a " se ^ ent "Hy epitaxially deposited by the MOCVD method 
(Figure 6(a)). At that time, in this application example, the 
deposition temperature is 700'c,-and the deposition pressure is 
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.150 torr. As a group III raw material, an organic metal of TMGa 
(trimethyl gallium) and TMA1 (trimethyl aluminum) is used, and as 
a group V raw material, AsH 3 is used. As a n-type dopant, H 2 Se is 
used, and a p-type dopant, DEZn (diethyl zinc) is used. 

[0035] 

(2) Next, a Si0 2 layer (212) is formed on the surface by the 
thermal CVD method. Furthermore, the n-type Alo.4Gao.6As clad layer 
(205) is etched halfway by the RIBE method while leaving the 
columnar light-emitting part and detecting part covered with a 
resist (213) (Figure 6(b)). At that time, in this application 
example, as an etching gas, a mixed gas of chlorine and argon is 
used. The gas pressure is 1 x 10" 3 torr, and the leading voltage 
is 400 V. 

[0036] 

(3) Next, an embedding layer is formed on the etched area. 
For this reason, in this application example, first, the resist 
(213) is removed, and a ZnS 0 .o6Se 0 .94 layer (209) is embedded and 
deposited by the MBE method or MOCVD method (Figure 6(c)). 

[0037] j 

(4) Next, the Si0 2 layer (212) is removed, and four pairs of 
Si0 2 /a-Si dielectric multilayer film mirrors (211) are formed on 
the - surface of the contact layer (208)— by-electron-beam vapor 
deposition and removed by a dry etching using the RIE method 
while leaving the area slightly smaller than the diameter of the 
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light-emitting part. The reflectivity of the dielectric 
multilayer film mirror at a wavelength of 870 nm is 94% 
Furthermore, a Si0 2 dielectric layer (215) is formed on part of 
the surface of a detecting part (221, by electron-beam vapor 
deposition, and the film thickness is controlled so that the 
reflectivity rate of the detecting part surface can be 10% or 
less at a wavelength of 870 nm (Figure 6(d)). 

(0038] 

(5, Furthermore, in order to form a separating groove (222, 
or separating a light-emitting part (220, and the detecting part 
(221,, the P -type A1..,g«..* 8 clad layer (207, is re-etched 
halfway by the RIBE method using the resist (213, as a mask 
(Figure 6(e) ) . . 

[0039] 

(6, Next, on the surface other than the dielectric 
multilayer mirror (211, and the Si0 2 dielectric layer (215, a 

lllTroT 0 eleCtr0dS (210> ^ V ^- de P-^ed. At that ti ' me , an 
electrode in contact with the light-emitting part and an 
electrode in contact with the detecting part are separated so 
that they can be independently provided with current. 

th?n7 0re ; ! n ' tyPe ° hmiC elect " d * WD is vapor-deposited on 
the n-type GaAs substrate (202, (Figure 6(f„. Then , finally 
alloyxng at 400»C is carried out in a N 2 atmosphere. 
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[0040] 

With the above process, the surface light-emitting 
semiconductor laser (200) having the light-emitting part (220) 
with an embedded structure and the detecting part (221) with the 
same structure as that of the light-emitting part as shown in 
Figure 5 can be obtained. /5 

[0041] 

In the surface light-emitting semiconductor laser (200) of 
this .application example prepared in this manner, similarly to 
the above-mentioned Application Example 1, the threshold current 
was as low as 1 mA, and the surface light-emitting semiconductor 
laser, which can control the laser beam output by the current 
flowing to the detecting part, was obtained. 

[0042] 


Also, in this application example, the reflected light could 
be detected with favorable efficiency by installing the 
dielectric layer on the detecting part surface so that the 
reflectivity at an oscillation wavelength could be 10% or less. 
Thus, the detection sensitivity could be improved. J 

[0043] 


IffKpplication Examples 1 and 2, the ZnSo.06Seo.94 layer, 
which is a group II-VI compound semiconductor, is used as the 
embedding layer, so that an electric element separation of the 


Flight-emitting part and the det^t-i 

- 0l a y . r in tems of hig ; r :;;;::;: e a is enabled * > 

10044) 

Applicati on Examp le ? 

,300, i„ . third appUc d " e " ln9 Pi " «* - semiconductor 
invention. Pi™... .... "ample of the 

present 

°ia;-(f} and Fioure Q/*\ 
-howxng a process for manufacturing the Cr ° SS SeCti ° ns 
xn said appli cation example> " 9 the semiconductor laser (300, 


[0045] 


The semiconductor laser ,7nn\ 

««er.„t from that o£ h a ; e a r bo ' v 3 e °°' ° f . thi = =PPUcatio„ exampie is 

iight-emitting part by severe 1, ' 3 ° 7 ' forM ">* 

operated oy separating grooves " hiCh "™ 

[0046] 


Nsxt tils 

application ^ZZTrTlZltiLT ^""^^ Process or this 
and Fi,„re 9<a). "P^ned according to Fig ures „„. (f) 


(1) First, a n-type GaAs buffer layer (303) is formed on a 
n-type GaAs substrate (302), and 25 pairs of semiconductor 
multilayer film mirrors (304), which have a reflectivity of 98% 
or more to a light of i 30 nm centering around a wavelength of 
780 nm and are composed of a n-type Alo.9Gao.1As layer and a n-type 
Alo.2Gao.9As layer, are formed. Then, n-type Alo.5Gao.5As clad layer 
(305), p-type Alo.13Gao.87As active layer (306), p-type Alo.5Gao.5As 
clad layer (307), and p-type Alo.15Gao.s5As contact layer (308) are 
sequentially epitaxially deposited by the MOCVD method . (Figure 
8(a)). In this application example, as the deposition conditions 
at that time, the deposition temperature is 720°C and the 
deposition pressure is 150 torr. As a group III raw material, an 
organic metal of TMGa (trimethyl gallium) and TMA1 (trimethyl 
aluminum) is used, and as a group V raw material, AsH 3 is used. 

As a n-type dopant, H 2 Se is used, and a p-type dopant, DEZn 
(diethyl zinc) is used. 

[0048] 

(2) Next, a S10 2 layer (312) is formed on the surface by a 
normal-pressure thermal CVD method. Furthermore, a photoresist is 
spread on it and subjected to a photolithography process, so/ that 
the required pattern is prepared. At that time, the state in 
which the side surface of the resist pattern is perpendicular to 
the substrate surface is adopted. After the preparation, heating 
is not carried out at a temperature at which the side surface is 
dragged. 


[0049] 


(3) Next, the Sio, layer ,312) is rented by the reaction 
xon etching , R IE, using the pUtm , s . * * ««ro„ 

etch,„ a oas. At that time, the sio, layer between the light 
emxttrng part and the detecting part having a large gap i, 
completely removed and etched while leaving the Jo, 9 '*." 

part hann , a narrow gap. Thus, a resist ,313, having a side 
surface perpendicular to the substrata 

the Si0 2 laver raisn J substrate and a pattern composed of 

oat-/ k 6 P " pared whi ^ Elding a required 

pattern shape (Figure 8(b)). «quirea 


[0050J 


«> Next, etching is carried out by the rise m^t-h^ 
the resi<^ u E meth °d using 

i-iie resist (313) having the vertical cin. . * 

that trme, etching is carried out halfway on the p-tyle 
Al..,Ga„. s As clad layer ,307, between several columnar parts for 

IIZT As he cl U d 9h r emittin9 " P " «- — ^ - nf pe 

Alo.,Ga 0 . sA s clad layer between the light-emitting part and the 

as an etching ^ , 2^ 7^ ^ 

the gas pressure is 5 x 10- torr The T , ^ " 

400 V Th. !„ Plasma leading voltage is 

pA/cm 2 ' and th ""T °" is <°° 

UA/cm , and the sample temperatures held at 20"C. 


22 


Here, the reason why the p-type Alo.5Gao.5As clad layer (307) 
is etched up to its halfway is that the an injecting carrier and 
a light in the horizontal direction of the active layer are 
confined by a rib waveguide type refractive index waveguide 
structure, so that part of the light in the active layer can be 
transferred in the horizontal direction of the active layer. 

[0052] 

Also, using the resist (313) having a vertical side surface 
as a resist and using the RIBE method for etching by irradiating 
ions in a beam shape perpendicularly to the etching sample as an 
etching method, the adjacent light-emitting part (320) can be 
separated by the separating groove (314) perpendicular to the 
substrate. At the same time, a vertical light resonator required 
to improve the characteristics of the surface light-emitting type 
semiconductor laser can be manufactured. 

(5) Next, an embedding layer is formed on the p-type Alo.5Gao.5As 
; clad layer (307) . For this reason, in this application example, 
first, the resist (313) is removed, and a ZnSo.oeSeo^ layer (309) 
is embedded and deposited by the MBE method or MOCVD method 
(Figure 8(d)) . / 

[0053] 

(6) Next, the Si0 2 layer (312) is "removed, and a 

polycrystalline ZnSSe [layer] formed^ on it is removed. Then, four 
pairs of Si0 2 /a-Si dielectric multilayer film reflecting mirrors 


/ 

/ 

/ [0051] 


/ 


Oil) are formed On the surface by electron-h»»„, 

and removed by drv etrf,i„„ elec «on beam vapor deposition 

eo oy dry etching usrng the RIE method while leavi„„ ► 
area sUghtly smailer than the diameter of the Uant-emittT 
Part. The reflectivity o, the dielectric multUayer £ Hm mi ' 
at a wavelength of ,s„ „m ls 95! or J^^" 
semiconductor laser (300) of hhi, . • 

--tic moltilayer ifa^"^^?^'^"" 

tt mg part/;::—:-;:: :r;r - - 

= „oos with the phase ^ S^T^ 


[0C54J 


Also, the Si0 2 dielectric layer* (315) i« * n 
the surface of th* formed on part of 

urrace of the detecting part (321) bv electron k 
deposition, and the fil m m,,^ • electron-beam vapor 

«na r ne film thickness is controlled so th*t f-K- 

9tn or 070 nm (Figure 8(e)). 
(5) Furthermore, in order tn ^™ 

separating the lioht I separating groove (322, for 

r acxng zne light-emitting part (3201 ar .w *.w ^ 
(321), the p-ty P e Al 0 , G « a. fT, detecting part 

^ ^J-o.s^ao.sAs clad laver f*n-7\ ^« 

halfway by the RIBF me t-K a ■ ■ " re - etch ed 

y tne kibe method using the resist = 
(Figure 8(f)). resist (313) as a mask 


/6 
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(6) Next, on the surface other than the dielectric 
multilayer mirror (311) and the Si0 2 dielectric layer (315) , a p- 
type ohmic electrode (310) is vapor-deposited. At that time, an 
electrode in contact with the light-emitting part and an 
electrode in contact with the detecting part are separated so 
that they can be independently provided with current. 
Furthermore, a n- type ohmic electrode (301) is vapor-deposited on 
the n-type GaAs substrate (302) (Figure 9(a)). Then, finally, 
alloying at 400°C is carried out in a N2 atmosphere. 

[0056] 

Thus, the surface light-emitting semiconductor laser (300) 
having the light-emitting part (320) 'and the detecting part (321) 
s that of the light-emitting part as shown in Figure 7 can be 
obtained. 

[0057] 

In the surface light-emitting semiconductor laser (300) of 
this application example prepared in this manner, similarly to 
the above-mentioned Application Examples 1 and 2, a laser oujtput 
beam could be ..detected by the detecting part with the same 
structure as that of the light-emitting part. Also, the detection 
sensitivity could be improved by applying a backward bias to the 
pn jun ction constituting the detecting part; 


A 0058 j 

0 


Also, i n 
^t-e,, itl:i = ^"cation 

s ^co„ ductor , =u«ace U 5nt .^° <Mlp1 "™. however 

AIs °, needless f- 

f00 60 J ^machines. in • 

Fi 9ure 10 shr . 
control (Apr, . * n °"tli ne d . 


Effect of t , . 


— invention 
As e «Plained ah ~ 
lnv enti 0n rh ° Ve in detail 

Apr . ' the surface 1 1 u ' acc °rdi no 

Lne same 


semiconductor substrate as the semiconductor substrate 
constituting the surface light-emitting semiconductor laser. 

•[0062] 

Also, with the same structure of the surface light-emitting 
semiconductor laser as the structure of the photodiode, since a 
special manufacturing process for housing the photodiode is not 
necessary, the surface light-emitting semiconductor laser with 
high reliability and high yield could be simply prepared. 
[0063] 

Also, an electric element separation of the surface 1-ight- 
emitting semiconductor laser and the photodiode is simply enabled 
by embedding an epitaxial layer of a high-resistance II-VI group 
compound semiconductor between t'he 'Circumference of a Columnar 
semiconductor layer and the photodiode. 

[0064] 

The detection precision could be improved by forming a 
dielectric layer for lowering the reflectivity on the exposed 
part of the photodiode surface. 

[0065] 

In particular, in the case the semiconductor laser is two- 
dimensionally integ rate d with high density and arrayed, since the 
number of photodiodes can be reduced, the present invention is 
very useful. 
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Brief description of the figures 

Figure 1 is an oblique view showing a cross section of the 
surface light-emitting semiconductor laser of Application 
Example 1. 

Figures 2 (a) -(f) are cross sections showing a process for 
manufacturing the surface light-emitting semiconductor laser of 
Application Example 1. - 

Figure 3 is an outlined diagram showing an example in case 
the surface light-emitting semiconductor laser of Application 
Example 1 is mounted in a package. 

Figure 4 shows a relationship between the driving current 
and the oscillating light output of the surface light-emitting 
semiconductor laser of Application Example 1 and a relationship 
of the current flowing to the detecting part at that time. 

Figure 5 is an oblique view Showing a cross section of the 
surface light-emitting semiconductor laser of Application 
Example 2. 

Figures 6 (a) -(f) are cross sections showing a process for 
manufacturing the surface light-emitting semiconductor laser of 
Application Example 2. 

Figure 7 is an oblique view showing a cross section of the 
surface light-emitting semiconductor laser of Application 
Example 3. 

Figures 8 (a) -(f) are cross sections showing a process for 
manufacturing the surface light-emitting semiconductor laser of 
Application Example 3. 

Figure 9(a) i o a cr oss section showing a process for 


manufacturing the surface light-emitting semiconductor laser of 
Application Example 3 and is a diagram subsequent to Figure 8(f). 


Figure 10 shows an outlined diagram showing an auto power 
control (APC) circuit manufactured using the surface light- 
emitting type semiconductor laser of the application example. 

.Figure- 11 is an oblique view showing an example of a 
conventional semiconductor laser. 

101, 201, 301, 401 n-type ohmic electrodes 

102, 202, 302, 402 n-type GaAs substrates 

103, 203, 303, 403 n-type GaAs buffer layers 

104, 204, 304, 404 Distributed reflection-type multilayer film 

mirrors 

105, 205, 405 n-type Al0.4Ga0.eAs clad layers 

106, 206, 406 p-type GaAs active layers 

107, 207, 407 p-type Al0.4Ga0.eAs clad layers 

108, 208, 408 p-type Alo.1Gao.9As contact layers 

109, 209, 309, 409 ZnS 0 .oeSe 0 . 94 -embedding layers 

110, 210, 310, 410. p-type ohmic electrodes 

111, 211, 311, 411 Dielectric multilayer film mirrors 

112, 212, 312 Si0 2 layers 

113, 213, 313 Resists 

215, 315 Si0 2 dielectric layers 

314 Separating groove 

305 n-type Alo.5Gao.5As clad layer 

306 p-type Alo.13Gao.e7As active layer 

307 p-type Alo.5Gao.5As clad layer 

308 p-type Alo.15Gao.e5As contact layer 

120, 220, 320 Light-emitting parts 

121, 221,._321 Detecting parts 

122, 222, 322 Separating grooves 
123 Laser beam 
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Figure 6 



Figure 7 
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Figure 8 
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(a) 



Figure 10 


Key: 1 Light-emitting part . „ ' . 

2 Detecting part 

3 Driving power supply 

4 Current monitor 

5 Feedback 

6 Surface light-emitting laser 
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Figure 11 


